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SECTION  1 


INTRODUCTION 

This  report  covers  the  modification  of  an  Air  Force  owned  1RDSS  scan¬ 
ning  system  previously  reported  on  in  report  RADC  T'R-77-105  Section  IV,  and 
additional  peripheral  circuitry  to  enhance  the  signal  proce  sing  capability. 
The  primary  change  involves  the  requirement  for  two  four-phase  clocking 
systems  each  controlled  by  a  single  master  clock. ^ 

The  modifications  extend  the  initial  system  capability  of  single-line, 
or  ID,  scanning  to  two-dimensional,  2D,  scanning  with  provisions  for  a 
video  display.  The  flexibility  of  the  original  system,  achieved  by  modular 
construction  with  access  to  numerous  test  points,  was  incorporated  in  the 
modified  system  which  will  be  referred  to  as  IRDSS-2D  Scanning  System. 

The  1RDSS-2D  system  provides  the  following  capabilities: 

(a)  Retention  of  the  original  system  reported  on  in  report 
RADC-TR-77-105. 

(.h)  ii)  operation  of  a  test  CCD  register  on  the  2D  chip 
(c)  LD  operation  of  the  C  register  of  the  2D  chip  by 

Jeac tiviating  the  B  register. 

(J)  2D  operation 

(e)  X  and  Y  sweep  voltages  multiplexed  with  a  video  output 
lor  Z  axis  modulation. 

The  physical  system  consists  of  three  modular  cabinets  and  a  variety 
of  modules.  The  listed  capabilities  are  achieved  by  an  appropriate 
combination  of  these  modules.  Figures  1.0  through  1.3  illustrate,  in  block 
torm,  the  various  modes  of  operation. 


Figure  1.1  Block  diagram  for  capability  (b),  ID  operation 


Cabinet  1AC 


Cabinet  1AB 

*  Internal  switch  set  to  "2D" 

#  External  "Frame-line"  switch  set  to  "Line 


Figure  1.2  Block  diagram  for  capability  (c),  C  register 
operation  only. 


Cabinet  1AC 


Cabinet  1AB 


Figure 
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#  Reset  output  used  only  **  Sweep  circuitry 

*  Internal  switch  set  to  "2D" 

*#  External  "Frame -line"  switch  set  to  "Frame" 


.3  Block  diagram  for  capability  (d),  2D  operation 
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Figure  1.0  indicates  the  setup  for  the  original  system.  Figure  4.1 
in  the  report  referred  to  earlier  is  a  photograph  of  the  IRDSS  and  the 
IRDET  Aux  units.  For  operation  in  this  mode  refer  to  the  earlier  re¬ 
port.  Figures  1.1  through  1.3  indicate  the  required  modules  for  capa¬ 
bilities  (b) ,  (c)  and  (d). 


SI'CT  I  ON  1! 


21)  Oi’KRAliOX 

A.  OVSUVltlW 

2D  operation  requires  two  lour  onast  CCD  registers,  one  fur  the 
columns  and  one  for  rows.  The  column  register  will  be  referred  to  as 
Lite  15  register,  and  the  row  register  will  be  referred  to  as  the  C  re¬ 
gister. 

A  master  clock,  MC,  synchronizes  the  operation  ol  the  B  and  C  regis¬ 
ters  by  means  of  a  horizontal  blanking  pulse,  ii  Blank.  The  MC  runs  con¬ 
tinuously  with  t ne  II  Blank  pulses  being  counted  for  the  purpose  of  con¬ 
trolling  the  staring  time  for  the  detectors,  and  synchronizing  the  shut 
down  of  tiie  B  Clock.  lhe  desired  number  of  ii  Blank  pulses  is  determined 
by  a  front  panel  switch  which  controls  the  reset  timing  for  the  bank  of 
counters . 

Iwo  start-stop  VCO's,  SX74SJ24,  provide  the  initial  B  and  C  clock 
signals.  these  run  onJv  when  the  input  to  the  enabling  gate  is  held  at 
a  1TL  low  level.  The  15  clock  runs  onlv  for  a  time  interval  dictated  by 
tlie  pulse  width  of  the  negative  II  Blank  pulse.  During  this  interval,  Lhe 
B  clock  output  is  encoded  to  produce  only  a  single  set  of  four  phase  15 
clock  voltages.  lhe  C  clock  runs  continuously  in  the  absence  of  the  1! 
Blank  pulse,  i.e.,  when  the  ii  Blank  pulse  output  is  at  a  TTL  high  level, 
lhe  output  u:  Lite  C  clock  is  encoded  to  provide  the  four  phase  C  clock 
voltages.  Sue  figure  2.0  tor  the  basic  encoding  circuitry. 

Lite  contents  of  one  complete  row  of  the  B  register  is  loaded  into 
tlie  initial  wells  ol  the  C  register  during  the  time  interval  equal  to 
the  H  Blank  pulse  width.  Then,  between  the  relatively  long  intervals 


FIGURE  J.O 

BASIC  FOUR  PHASE  ENCODING  CIRCUITRY  FOR  BOTH  CCD  REGISTERS 
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of  Che  11  Blank  pulses  the  signal  in  the  C  register  is  read  out  serially. 
Total  readout  requires  50  B  to  C  transfers  plus  readout  time  lor  each 
row.  After  50  U  Blank  pulses  the  B  clock  is  shut  down.  The  C  clock  con¬ 
tinues  to  run  for  a  number  of  H  Blank  pulses  depending  upon  the  setting 
of  the  counter  switch  control. 

The  counter  operates  for  (2n+4)  H  Blank  pulses.  Minimum  count  is 
for  a  switch  setting  of  N  =  6,  or  68  H  Blank  pulses.  Thus,  minimum  star¬ 
ing  time  for  the  detectors  is  for  n  =  6.  The  additional  four  11  blank 
pulses  are  used  to  generate  a  vertical  blanking  pulse,  V  Blank.  During 
the  V  blank  pulse  a  transfer  pulse  is  generated  which  allows  the  input 
wells  of  the  B  register  to  be  loaded  by  the  detectors.  The  counters  are 
reset  at  the  end  of  the  V  Blank  pulse  and  the  readout  sequence  is  ini¬ 
tiated  again. 

B.  FUNCTION  PARTITIONING 

In  the  interest  of  flexibility  and  numerous  front  panel  test  points 
the  various  functions  required  for  each  register  are  allocated  to  two 
modular  cabinets,  each  with  individual  power  supplies.  Cabinet  1AC 
contains  the  modules  for  the  C  register  with  the  B  register  modules  located 
in  cabinet  1AB.  Only  two  shielded  interconnections  between  the  cabinets 
are  required  for  synchronization. 

1.  Module  2 AC 

Circuitry  in  Module  2AC  provides  the  following  functions  at  TTL  levels: 
MC,  H  Blank,  J^,  J^,  C  clock,  0^(T)  through  0^(T),  G0  and  Source  pulses. 

G,,  and  Source  pulse  driver  amplifiers  using  M110026  IC's  with  controllable 
amplitude  and  bias  offsets  are  also  in  this  module. 

The  two  outputs  J1  and  J„  link  the  two  registers.  J.  =  J-  with  J  = 

1  /  X  Z 
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Mi'Ui  1.1.  A  l.  iJ  l  Ai.KAM 


II  til  link. 


All  further  discussion  will  be  limited  to  referencing  and 

Circuit  details  for  Module  2AC  are  shown  in  Figure  2.1.  An  assy- 
metric  MC  signal  is  obtained  using  an  NF555  as  an  astable  multivibrator. 

A  buttered  It  Blank  pulse  is  obtained  by  cascading  two  inverters.  Two 
other  inverters  are  used  to  obtain  .J^aand  J^.  The  output  of  the  first 
inverter  is  while  the  output  of  the  second  inverter  gives  =  J,- 
See  Figure  2 . Ja  for  waveforms. 

With  low  the  C  clock  is  enabled.  Its  output  is  the  CK  input  for 
the  two  7474  D  type  flip  flops.  is  the  Pr  input  for  these  flip  flops, 

and  since  is  high  when  is  low  the  flip  flops  are  enabled  during 
the  interval  between  11  Blank  pulses.  The  divide  down  operation  of  the 
D  type  flip  flops  generates  0^c(T)  through  0^(T)  as  indicated  in  Figures 
2. 3b  and  2.3c. 

The  toggling  action  of  the  Cl  and  Pr  inputs  of  a  D  type  flip  flop 
is  used  to  generate  the  pulse.  Q  goes  high  when  Cl  goes  low  and 
low  when  Pr  goes  low.  0^(T)  serves  as  the  Pr  input  with  the  Cl  input 
being  J  Thus,  Q  goes  high  on  the  falling  edge  of  J ^  and  remains  high 
until  the  first  falling  edge  of  0  (T).  This  positive  pulse,  slightly 

wider  than  J^,  is  inverted  by  the  M110026  driver  amplifier  to  give  a  nega¬ 
tive  pulse,  G^,  as  indicated  in  Figure  2.3d. 

Tlie  Reset  and  Source  pulses  originate  at  the  output  of  the  three  in¬ 
put  Nand  gate  74IOA.  This  output,  a  negative  pulse,  is  generated  by 
the  high  level  coincidence  of  the  0^  (T),  0^(T)  and  C  clock  inputs.  The 
resultant  pulse  width  is  one  half  of  the  C  clock  period.  This  pulse  from 
the  741UA  is  the  active  input  to  Nand  gates  7410B  and  7410C.  The  remain- 
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Figure  2.3a  Top  to  bottom*  H  Blank,  Jj,  Jg  and  Source 


Figure  2.3b  Top  to  bottom*  H  Blank,  C-Ck(T),  (T) 

and  <^2c(T). 


Figure  2-3e  Top  to  bottom  J_,  4i„(T),  <b0  (T) 

and  Source.  *  1C  Zc 


! 


Figure  2.3f  Top  to  bottomi  J0,  ^ _  ( T ) ,  Source  and 

Reset.  z  zc 


Figure  2.3g  Top  to  bottom:  J?,  Jj,  Source  and  Reset 
Figure  2.3  Waveforms  for  Module  2AC 
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ia_  inputs  t:  c  :k  !•  :■  i  411  at  >  w  Its.  consequent  I  v  ,  their  outputs  go 

wtict'.  tin-  .’"t;  a  '  s  !  ov: .  i  tie  positive  pulse  at  Liu.  output 

o:  -iOL  t  .  .  t.  ■  1  .>  driver  amplifier  giving  the-  negative 


....  p.  i <  it  t  .e  output  of  Valdii  and  J  are  the  inputs  for 

1  .  *  !J  \  ■  .  iti.  mu.  1  ;  -  alwavs  1  ov  when  the  C  cluck  is  enabled  a 

no.;..:  Lve  ,'uise  is  ata:ii  .;  at  t!u  output  of  the  Xor  gate.  This  pulse  is 

inverteU  at.  ..titet  amplifier,  located  in  Module  1AC  .  giving 

t..o  desireu  tusit  1*  "os  t  pulse.  See  i  ignres  J.  3a,  2.  3e,  2. 3f  and  2. 3g 

■  ■  Lite  lie  Si  L  at...  >«•  .  t'Ce  [>U  Iso  WUVOi  I'TStS. 

M.  uuie  .  .til.,  i  n.s  tao  tour  pn.i.so  iY!.'  driver  ar.tplif  iers ,  MU002t>'s, 

|  atr.pj  itiiui  a:.:  o:  :  ■  .  t  .  i ;  a  1: ;  1  or  the  irlvers,  d-e  bias  supplies  for 

I 

.0  a.t  .  .  it  .a. tii'd.  coupling  for  0  ,  and  (0 

i:  tit  i  i.-it  ...  ...  tet  it  L.  ..  a  switch  located  or.  the  modulo  card.  Cir- 

'  .  .  -  t  it:  ,:ir.  . . .vcterr.s  tor  .  0,  ,  .aid  0, 
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Figure  2-5  Module  3A-3AC  waveforms,  top  to  bottomi 
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Tlie  B  clock,  an  SN74S124,  operates  when  the  enabling  input  gate  at 
pin  11  is  low.  This  enabling  signal  is  obtained  at  the  output  of  Nand 
gate  7400A.  The  inputs  to  7400A  are  and  Q  of  D  type  flip  flop  7474B. 

7474B  is  operated  in  a  toggle  mode  with  the  Cl  input  obtained  at  the  out¬ 
put  of  the  three  input  Nand  gate  7410A  and  the  Pr  input  obtained  at  the 
inverted  output  of  counter  7493F.  pulses  are  counted  by  counters 

7493  A,  B,  C,  D,  G  and  F.  For  50  pulses  Q  of  7474B  is  high.  Conse¬ 
quently,  the  B  clock  will  run  continuously  during  each  pulse  interval 
for  50  J  pulses.  After  the  50th  pulse  a  Cl  signal  from  Nand  gate 
7410A  will  toggle  7474B  and  shut  down  the  B  clock.  B  clock  will  remain 
off  until  the  next  PR  input  from  counter  7493F  toggles  7474B  again. 

The  interval  between  Pr  inputs  to  7474B  is  determined  by  the  setting 

N 

of  tile  counter  switch.  With  this  switch  set  for  2  ,  counter  7493F  will 

N 

count,  after  the  Nth  pulse,  an  additional  four  pulses,  or  (2  +4),  and 
tiien  reset  all  counters.  At  the  end  of  the  Nth  pulse  the  output  of  coun¬ 
ter  749 3G  goes  high,  initiating  the  V  Blank  pulse  witli  a  width  of  four 

pulses.  during  this  interval  a  74123  inonostable  multivibrator  generates 
tne  Transfer  pulse  which  connects  the  detectors  to  the  input  wells  of  the 
B  CCD  shift  register.  See  Figure  2.7a  and  2.7b  for  waveform  details. 

The  B  clock  runs  continuously  during  the  first  50  pulse  intervals, 
however,  only  one  set  ol  four  phase  B  voltages  are  obtained  tor  each  of 
Liie  jU  pulses.  The  B  clock  enabling  signal  is  inverted  to  obtain  the 
Pr  inpuls  lor  the  encoding  0  type  flip  flops  7474A,  Ck  inputs  lor  the 
/'h74A  are  the  inveted  output  of  the  Nand  gate  4400B.  The  inputs  for 
tne  7400b  are  the  B  clock  output  and  the  inverted  output  of  the  counter 
7493b.  liie  input  to  the  counter  is  the  direct  output  of  t ho  7400B.  Therefore 


Figure  2.7a  Top  to  bottomi  J 2,  7493F  (Pin  9),  Transfer 
and  V  Blank. 


Figure  2.7b  Reset  pulse  for  counters,  Pin  8  of  7493F. 
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Figure  2. 7c  Top  to  bottom*  74sl24  Pin  10 

and  B  Ck(T ) . 


Figure  2.7d  Top  to  bottom*  B  Ck(T), 
and  <^2b(T). 


sr  ft:  iors 


Si  Si 


Figure  2.  ?e  Top  to  bottom*  4>lb(T),  $2b(T),  <f> 

and  4>4b(T).  '  “  J 


Figure  2.7  Waveforms  for  Module  2AB. 
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there  will  be  a  Ck.  input  to  the  encoding  7474A  only  until  the  output  of 
the  749JF  goes  high.  This  time  interval  is  sufficient  to  generate  one 
complete  set  of  four  phase  B  voltages  at  TTL  levels.  The  counter  is 
reset  by  the  J,  pulse.  See  Figures  2.7c  through  2.7e  for  operating 
waveforms . 

4.  Module  JAB 

Module  JAB  contains  the  lour  phase  B  clock  gate  driver  circuits, 
amplitude  control  and  offset  bias  circuitry,  DVM  monitoring  circuitry 
and  provisions  for  either  1L)  or  21)  operation.  The  latter  provision  is 
controlled  by  the  frame-line  switch.  in  the  line  switch  position  b  , 
is  connected  to  a  fixed  input  ol  -10  volts.  In  the  frame  position 
is  driven  bv  0,  .  Circiit  details  are  shown  in  figure  2.8.  See  Figure 
2.9  for  the  four  phase  B  driver  waveforms. 
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FIGURE  2.8  (COMTINUF.O) 


MODULE  3AB  DIAGRAM 


Figure  2-9  Waveforms  for  Module  3AB,  Top  to  bottom! 
♦lb'  ♦2b*  *3b  and  ^4b’ 


SECTION  III 


VIDEO  DISPLAY 


A.  INTRODUCTION 

The  Video  Display  circuitry  provides  Horizontal  and  Vertical  sweep 
voltages  and  a  multiplexing  circuit  for  Z-axis  modulation.  The  design 
was  based  upon  the  requirements  for  a  monitor  oscilloscope  with  the 
following  sensitivities: 

Horizontal  and  Vertical:  O.lvolt/inch 

Z-axis:  +  1  volt  for  full  blanking 

-  1  volt  for  full  intensity 

A  block  diagram  of  the  entire  system  is  shown  in  Figure  3.1.  A 

Horizontal  sweep  is  generated  for  each  J pulse  and  synchronized  with 
N 

the  pulse.  2  11  sweeps  are  generated  for  each  Vertical  sweep  which  is 
synchronized  by  the  V  Blank  pulse.  The  multiplex  circuit,  synchronized 
by  the  J 9  pulse,  provides  the  necessary  gain  and  timing  for  blanking  and 
analog  signal  intensity  modulation  at  the  Z-axis  output. 

1.  Horizontal  Sweep  Circuitry 

Circuit  details  of  the  H  Sweep  circuitry  are  shown  in  Figure  3.2. 

The  basic  circuit  consists  of  an  inverting  integrator  with  the  ramp  out- 
put  terminated  by  an  active  switch."  This  active  switch,  consisting  of  the 
2N3905  and  2N3903  connected  as  shown,  essentially  shunts  the  integrating 
capacitor  C^.  A  narrow  trigger  pulse,  synchronized  with  J9,  turns  on 
the  active  switch  thereby  terminating  the  ramp  and  discharging  C^.  See 
Figures  3.3  and  3. A  for  operating  waveforms. 

2.  Vertical  Sweep  Circuitry 

Circuit  details  ol  the  V  Sweep  circuitry  are  shown  in  Figure  3.5..1,., 
is  the  input  to  counter  7493A.  Counter  7493B  is  driven  by  -  divide 
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BLOCK  DIACRAM  OF  VIDEO  DISPLAY  CIRCUITRY 


HORIZONTAL  SWKHP  C1RLI 


by  lb  -  ol"  the  7493A.  The  six  outputs  from  the  two  counters  are 
the  inputs  to  a  multiplying  A/D  converter,  AD7520 .  The  vertical 
sweep,  the  output  from  the  AD7520,  is  2*'"  steps.  After  2^  J pulses 
the  V  sweep  is  terminated  by  the  V  Blank  pulse  which  resets  the 
counters.  The  overall  amplitude  of  the  V  sweep  voltage  is  control¬ 
led  by  the  amplitude  of  the  individual  steps.  Operating  waveforms 
for  the  V  sweep  voltage  are  shown  in  Figures  3.6  and  3.7. 

3.  Multiplex  Circuitry 

Circuit  details  of  the  multiplex  circuitry  are  shown  in  Figure  3.8 
The  basic  operation  of  this  circuit  takes  advantage  of  the  unique 
characteristics  of  Operational  Transconductance  Amplifiers,  or  OTA’s. 
These  amplifiers  have  an  additional  input  current  control  which  may 
be  used  for  gating  the  amplifier  off  or  on. 

Two  CA3080's,  OTA’s,  are  used,  one  for  the  analog  input  signal 
and  the  other  for  the  blanking  pulse  during  the  li  Sweep  retrace  time. 
The  two  outputs  from  the  OTA's  are  summed  at  the  input  of  a  buffer  out 
put  amplifier  using  amplifier  531C.  CA3080A,  the  analog  OTA,  must  be 

on  for  the  duration  of  the  interval  between  J.,  pulses.  CA3080B,  the 
blanking  OTA,  is  on  only  for  the  time  interval  given  by  the  J9  pulse 
width. 

1'he  J,,  pulse  voltage  levels  are  not  suitable  for  directly  con¬ 
trolling  the  OTA's.  Consequently,  d-c  voltage  level  shifting  must 
occur  between  the  J.,  pulse  and  the  control  input  to  the  OTA's.  This 
is  accomplished  by  means  of  operational  amplifiers  331A  and  531B.  The 
inverter,  7040A,  at  the  inputs  of  531A  and  CA3080B  is  necessary  to 
satisfy  two  requirements.  One  is  the  difference  in  timing  for  the  two 


38- 


Figure  3.6  Waveforms  for  V  Sweep.  Top,  V  Blank, 
Bottom,  V  Sweep 


Figure  3.7  Waveforms  for  V  Sweep.  Top,  V  Blank, 
Bottom,  V  Sweep 


OTA's.  the  second  is  the  necessary  polarity  of  the  blanking  pulse  at  t lie 
Z-axis  output,  i.e.  ,  +  1  volt  for  full  blanking.  Thus,  the  control  pulse 
for  C A 3080 A  is  a  -5  volt  pulse  referenced  to  0  volts  with  a  pulse  width  of 
J  The  control  pulse  for  CA3080B  is  a  3  volt  pulse  referenced  to  -3  volts 
with  the  pulse  width  of  J.,.  See  Figures  3.3  and  3.4  for  operating  waveforms 
at  l he  Z-axis  output  for  a  sinusoidal  analog  input  signal  to  CA30S0A. 

The  video  signal  initially  was  displayed  on  an  X-Y  oscilloscope 
monitor.  Figure  3.9  is  an  example  of  the  resultant  display  of  a  hand.  The 
white  blotches  represent  defects  in  the  schottky  diode  matrix.  The  lack  of 
grey  scale  eventually  lead  to  the  design  of  a  TV  compatible  system  which  will 
be  discussed  in  Section  IV. 


Figure  3.9  Image  of  a  hand  using  an  X 
monitor. 
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Y  oscilloscope 
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SECTION  IV 


I’LRIi  ili.i'.XL  V  IRCUIIkY  FOR  SIGNAL  PROCESSING 

:  .CUG -OF  CI 2  ON 

.X  number  l  :  Gii  I  iculti.es  arose  in  processing  the  2d  chip  out-in  signal.  One 
■:  tnese  was-  a  u-c  offset  u!  about  10  volts.  This  offset  resulted  from  the  bias 
oi  the  o:i-ci:*p  sour  a-  f  o  1  lower  when  terminated  in  its  optimum  external  load.  A 
second  ;>r  >bi  on.  v.is  encountered  when  an  attempt  was  made  to  incorporate  a  back¬ 
ground  suitr action  scheme  to  enhance  the  video  presentation  and  minimize  the 
ef recta  .<i  matrix  dole.  is.  A  third  major  processing  difficulty  involved  the 

attempt  to  convert  the  original  Hit CD  system  to  a  TV  compatible  system.  These 

diitioult  ies  will  be  discussed  briefly  in  the  ensuing  sections. 

1.  I’ve  ,t-y!  t;  ior  mu  S-.'i  I'Ircuitrv 

A  preamp  lit  icr  circuit  was  Ji  signed  for  the  external  load  with  provisions  for 
I  i  nr  i  :>e  i.in.e  a-  c::~ei.  !  :n  i  r.  uit  is  shown  in  Figure  4.0. 

e-:.  >:  : . wa»  use.:  a:  me  output  of  the  preamplifier  to  reduce  the 

!  ‘it  cii.:  -  an  ■  r  a  -len:  s.  The  -..lgital  control  circuiLry  ior  the  SHA-2A  S  —  Li 
ir  ..  i  t  i.--  in  i.gur-.  A-  will  be  noted  in  the  circuitry  as  well  as  the 

twain, :  d  i  igr  ir.  a  i  igurc  ■> .  2  tin-  SiiA- JA  is  digitally  synchronized  to  the  RESET 

puise.  i.onst  rue  1 1  oi:  o:  Lue  C  register  on  the  21)  chip  requires  the  complexity  of 
this  circuitrv.  The  (  register  would  normally  be  only  23  "live"  sections,  however, 
G  data  is  passed  through  the  "dummy"  sections.  Consequently,  provision  has  been 
made  to  synchronized  on  either  the  "dummy"  readout  or  the  "live"  sections. 

2.  Background  Processing  Circuitry 

An  investigation  was  made  into  the  feasibility  of  using  a  microprocessor  to 
enhance  the  video  when  using  the  X-Y  oscilloscope  monitor.  The  basic  approach  in 
block  diagram  form  is  shown  is  Figure  4.3.  Difficulty  was  encountered  with  the 
microprocessor  programming.  The  priority  assigned  to  a  TV  compatible  system 
precluded  l tie  resolution  oi  this  problem. 


FIGURE  4.0 


IRCCD  OUTPUT  PREAMPLIFIER 


•1 4 


3. 


TV  Compatible  Circuitry 

As  mentioned  earlier  the  lack  of  grey  scale  is  a  drawback  when  presenting 
video  data  on  an  X-Y  oscilloscope  monitor.  A  standard  TV  monitor  would  be  more 
suitable  for  the  video  display,  however,  the  IRCDD  circuitry  is  not  designed  to 
run  at  TV  sweep  speeds.  Furthermore,  since  all  diodes  must  be  read  at  the  same 
time,  the  video  signal  is  a  non-interlaced  single  field  per  frame. 

Dr.  Ewing  of  RADC/ESE  initiated  a  solution  to  these  difficulties  which 
involve  time  compressing  the  IRCCD  video  signal  in  a  Reticon  SAM-64,  a  slow 
in/fast  out  BBD.  The  block  diagram  of  Figure  4.4  illustrates  the  basic 
approach 

The  crystal  controlled  master  clock  signal,  MCK  at  a  frequency  of  1.4175 
MHz,  originates  on  the  sync  generator  board.  The  C  clock  is  obtained  by  means 
of  a  phase  lock  loop,  CD4046,  at  a  frequency  of  850.5  KHz.  The  same  circuitry 
as  in  the  original  IRCCD  is  used  to  obtain  the  C  register  phase  drivers  at 
a  frequency  of  212  KHz. 

The  digital  timing  board,  by  means  of  the  equalizing  and  H  Blank  pulses 
from  the  sync  generator  board,  generates  the  H  Blank  and  Transfer  pulses 
required  for  operation  of  the  IRCCD  test  facility.  It  also  supplies  the 
8  tart  In  and  Start  Out  pulses  required  by  the  BBD  circuit. 

The  H  Blank  and  C  Ck  inputs  to  the  CCD  driver  board  generates  the  0^  and 

0  phase  driver  signals  and  the  source  and  reset  driver  amplifier  outputs 
u 

using  the  circuitry  of  the  original  IRCCD. 

The  SAM-64  BBD  uses  a  delayed  0^  input  at  212  KHz  as  the  Read  In  clock 
signal,  and  the  MCK  signal  at  1.4175  MHz  as  the  Read  Out  clock  signal.  As 
a  result,  the  full  readout  of  the  IRCCD  video  occurs  in  300  Useconds,  whereas 
a  full  readout  of  the  BBD  requires  only  45  p  seconds. 

The  log  amplifier  between  the  S-H  output  and  the  BBD  signal  input  is 
used  to  enhance  low  contrast  signals  while  maintaining  a  high  TV  dynamic 
range  display.  Figure  4.5  is  an  example  of  real  time  imagery  for  the  2D 
IRCCD  system.  This  photograph  was  taken  directly  from  the  TV  display.  The 
image  is  a  facial  profile  of  a  man  smoking  a  pipe.  The  hot  pipe  is  the  bright 
area  in  the  lower  left,  whereas  the  dark  area  nearer  the  center  shows  the 
contrasting  coldness  of  the  subject's  nose. 
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Figure  4-5*  Human  profile  showing  the  contrast 
between  hot  pipe  and  subject's  cold  nose. 
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l'iie  has  1 1  approaen  to  generating  the  analog  switch  gates  is  illustrated  in 
t  ne  simp!  i i  Los  diagram  of  figure  3.1a.  The  eor responding  Liming  of  the 
various  tales,  not  to  scale,  is  shown  in  figure  3.1b. 
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I*? it*  l  our  inonost  nbl  o  mu!  t  ivibratci  s,  MV  j  through  MV  « ,  cons  . .■>  •. 

J  _id !  Id's,  dual  raonosiablo  MV's  wit;;  Schmidt  trigger  inputs.  !:uy  s.av 

pi  ovisi.'ii  tor  operating  on  ei  Liter  the  J  ending  or  trai  J  i::g  edge  ot  tin  input 
t  r  igge  r .  "A"  inputs  trigger  on  Lite  leading  edge,  whereas ,  "!>"  inputs  t.riggi  . 
on  l  n  t  r.i  i  ’  i  ng  edge. 

>  Hit  puts  i>I,  1)1  and  D2  are  synchroni/.ed  with  the  leading  edge  of  the 
d:.:i;.i!  input  RESET  pulse.  These  outputs  are  used  as  "U"  inputs  to  MV  4,  MV) 
mu  *  respect  ive.i  v. 

i.ate  SI,  controlling  the  operation  of  analog  switch  SWi ,  is  initio' eu  on 
:  :  ! i  1  ing  edge  of  D1 .  Since  the  pulse  width  ol  1)  i  is  variable,  ini'  puisc 

.Li.  :■  t  in  location  of  Si  following  the  RFSE1  pulse. 

S.l ,  controlling  the  operation  o!  the  analog  switch  SWi,  is 
tin-  trailing  edge  ol  Ui.  Since  tin*  pulse  widtii  ol  U1  is 
■  .  •  A.-,  euise  control s  tile  location  oL  Si  following  the  RESET  pulse. 

n  cv  t i*n t  . ora  lei's  are  used  to  vary  the  pulse  widths  of  D 1  and  L)i. 

.  .  ...  i .  i  ..I  i .  a  ted  in  Figure  a.  la  is  such  that  Si  and  Si  cannot  overlap. 

.  ..  widt  as  may  be  varied  with  screw  driver  adjustable 
....  •  en  lac  i  rout  pane  adjacent  to  the  D1  and  Ui  ten  turn  controls. 

.  iiia:-.  imam  pulse  width  of  4  a  sec  for  both  SI  and  S2. 
j\  .  f  -  'lit  beta  i_i_s 

.,  i*.  ..  snows  l he  details  oi  the  analog  circuitry,  LF136  operational 

.  «  '  i  •  lit  lift'd  J  O  r  the  input  voltage  follower,  VF1,  and  the  sample-hold 

...  .  i  ewer .  Vli.  This  configuration  results  in  unity  gain  between  the 

.:  .ini  i"  mil  nodi'S,  however,  VFi  could  be  modified  easily  to  obtain 

i  '  i  i .  m  a  should  l ii i s  prove  desirable. 

...  r.  ieience  voltage  V  is  obtained  from  a  dc  voltage  follower  using 

k 

i  .*.  .  i  rational  ampliiier.  A  ten  turn  potentiometer  connected  as  a 

v  *1 i age  divider  between  the  -13  volts  and  the  +13  volts  provides  a  variation 
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in  V  of  approximately  -3  to  +3  volts.  Additional  variation  can  be  obtained 
by  reducing  the  two  fixed  20K  resistors. 

A  complete  schematic  for  the  CDSS-I  is  shown  in  Figure  3.3. 

Figures  5.4  and  5.5  indicate  the  noise  reduction  capability  of  this  CDS 
system.  Figure  5.5  is  an  expanded  version  of  Figure  5.4.  The  top  signal  in 
each  figure  is  the  output  video  signal  into  the  CDS  unit.  The  bottom  signal 
in  each  figure  is  in  the  output  from  the  CDS  unit. 


'..F  H33IC. 


Figure  5-^*  Noise  reduction  by  means  of  the  CDS 
system.  Top  signal  is  input  to  the  CDS,  the  bottom 
signal  is  the  output  of  the  CDS. 


-58- 


Figure  5* 5-  Noise  reduction  by  means  of  the  CDS 
system.  An  expanded  version  of  Figure  5-^* 


SECTION  VI 


CONCLUSION'S 

The  1RCCD-2D  system  was  tested  and  found  to  function  satisfactorily. 
Hie  flexibility  built  into  the  system  proved  to  be  as  useful  as  anticipated 
in  that  modifications  suggested  by  subsequent  evaluation  of  the  2D  array 
were  incorporated  with  minor  difficulties.  The  TV  compatible  system  has 
proven  the  usefulness  of  the  2D  array  for  infrared  imaging  and  pointed  the 
way  Lownrds  more  complex  arrays.  Significant  reduction  of  noise  has  been 
demonstrated  by  means  of  double  correlated  sampling  techniques. 

it  should  be  anticipated  that  larger  more  useful  2D  arrays  will  become 
available  in  the  near  future.  These  undoubtedly  'will  involve  more  complex 
drive  and  control  circuitry.  Future  investigations  will  involve  not  only 
mod  if  lea Lions  of  the  present  circuitry,  but  also  take  into  consideration 
the  application  of  „  processors  to  aid  in  controlling  stare  time  and 
analog  signal  conditioning. 
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MISSION 
of 

Rome  Air  Development  Center 

RAW  plans  and  executes  r esearch,  development,  test  and 
delected  acquisition  programs  In  s upport  oh  Command,  Control 
Communications  and  Intelligence  (C3 1)  activities.  Technical 
and  engineering  support  within  areas  oh  technical  competence 
Is  provided  to  ESP  Program  Ohhlces  {POs)  and  other  ESP 
elements.  The  principal  technical  mission  areas  are 
communications ,  electromagnetic  guidance  and  control,  sur¬ 
veillance  oh  ground  and  aerospace  objects.  Intelligence  data 
collection  and  handling,  Inhormatlon  system  technology, 
Ionospheric  propagation,  solid  state  sciences,  microwave 
physics  and  electronic  reliability,  maintainability  and 
compatibility. 
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